There has been recent concern about the observed alteration over the past few decades of the distribution of weight for height in both adults and children and, in particular, about the increasing proportion of 'heavy' children (Scott, 1961; Khosla and Lowe, 1968) . Increasing amounts of overweight are known to be associated with increasing morbidity and mortality rates for adults of a given age and sex (Kannel, LeBauer, Dawber, and McNamara, 1967) and several studies have shown that excessive weight in childhood is likely to persist (Mullins, 1958; Lloyd, Wolff, and Whelan 1961; Asher, 1966; Eid, 1970) . Moreover, it has recently been found that overweight children may experience more illness than other children at a very early age (HutchinsonSmith, 1970; Tracey, De, and Harper, 1971) .
Extreme overweight will usually indicate some degree of obesity, but it is evident that measures of height and weight alone cannot provide an accurate measure of adiposity as they will also reflect the size of the other body compartments. Several indices derived from height and weight have been shown to correlate highly with measures of adiposity, such as skinfold thickness, body density, and fat content calculated by subtraction of lean body mass from total body weight, lean body mass being derived from potassium-40 measurements (Billewicz, Kemsley, and Thomson, 1962; Forbes, 1964; Khosla and Lowe, 1968; Evans and Prior, 1969) . The correlation coefficients are of the order 0-8 but may be lower for some values of height, which led Florey (1970) to suggest that height and weight alone do not give an adequate estimate of adiposity. Despite their limitations, however, the ease and relative accuracy with which measurements of height and weight can be taken make them useful measures for epidemiological studies and screening programmes.
From an examination of weight distributions and measures of adiposity it is usually assumed that in adults the distribution of obesity is independent of height (Clements and Pickett, 1954; Evans and Prior, 1969; Benn, 1971) . Attention has, therefore, focused on a weight for height index which also has this property. However, this assumption of height independence may not be true for adiposity in children. Wolff (1955) , in a review of the literature, cites several studies which show that the height of obese children is above average for their age, and his own study supports this view. Garn and Haskell (1960) also suggest that there is a positive association between height and obesity, demonstrating a positive correlation between thoracic fat thickness and stature at each age between about 3 and 13 years. More generally, it seems desirable to retain as much information as possible in any analysis by treating height and weight as separate variables in order to study their joint effect on other measurements.
Functions of height and weight may be used in a number of ways and different functions will be appropriate in different situations, depending on which factors these measurements are being used to assess. Without the corresponding analyses, there can be no objective grounds for choosing one particular function of height and weight as, for example, a morbidity indicator.
The present paper does not attempt to answer this kind of question but simply to study the interrelationships of the three most commonly used weight for height functions, in a population of children. Although some previous work has been done along children who had been measured between April and December 1965 (95 % of all children in the study) so that the age range of the sample would not be too large. The children's heights were measured, without shoes, to the nearest inch, and weight, in underclothes, to the nearest pound.
The Boys and girls were considered separately throughout the analyses, and the population was divided into eight height groups. Figure 1 shows this and also demonstrates that this no longer holds when age is taken into consideration.
This figure compares the weight/height relationship of the 7-year-old children in the National Child Development Study with Scott's data for London schoolchildren of the same range of heights but with ages ranging from 4 to 13 years (Scott, 1961) . The median weights for both groups of children agree closely over the middle range of heights, but at the extremes of the height range the median weights for the 7-year-olds depart from those of the 4-13-yearolds. In particular, the median weight of the short 7-year-olds is considerably greater than the median weight of children of the same height but wider age range. Differences also occur between the two samples in the range of weights at each height. For Scott's data there is a gradual divergence of the 10th and 90th centiles, measured on a log scale, with increasing height. For the National Child Development Study there is a divergence for low and high values of height. The only British data comparable to those of the National Child Development Study are from the National Survey of Health and Development (Douglas and Blomfield, 1958) , which followed a cohort of children born in 1946. Dr. Douglas has kindly provided data on the height and weight of these children, measured at the age of 7, and these show similar patterns to the National Child Development Study data. WEIGHT CENrTuLEs From the above results it can be seen that age as well as height should be taken into consideration in the preparation of standard weight tables against which overweight can be measured. However, as has already been pointed out, it is questionable whether a given centile represents 90th centile the same degree of relative adiposity for children of 5(Ih centile the same age but different heights, although centile standards, by definition, provide a classification of 10th centile weight for height which is independent of height.
RELATIVE WEIGHT In this approach, observed weight is divided by some standard weight for height where the standard represents the same location point on the weight distribution at each Centiles were assessed by linear interpolation between sample values. The original height measurements were to the nearest inch; these have been converted to the nearest 0-1 cm.
In particular, if the variances of the corresponding normal distributions are the same at each height, the 'relative weight' has a fixed distribution independent of height . For the present sample of children the relative weight distributions do not have the same form at each height, as can be seen from the ratios of the centiles in Table I Khosla and Lowe, 1968; Evans and Prior, 1969; Benn, 1971 Benn (1971) showed that where a linear relationship exists between log mean weight and log height, mean weight may be approximately represented by a power function of height H", H (b =constant where n=b -H =mid-range value of heights W W=mid-range value of weights) and n is approximated by the slope of the plot of log (mean weight) on log (height). Moreover if, as suggested by Billewicz et al. (1962) , the distribution of the relative weight index is independent of height, the derived power index would also be independent of height.
Four power indices were calculated: H (related Hs to Ponderal Index), W W W In Fig. 2 (Bhapkar, 1968) it is found that there is a significant 'quadratic trend' for both indices, indicating more 'overweight' children at the extreme values of height. From Table IV it can be seen that, of the 354 boys classified as overweight by at least one method, 149 were so classified by all three, 101 by two, and 104 by one.
DISCUSSION
Definitions of obesity based on weight for height are essentially indirect. In children, as in adults, a function of weight and height useful for classification might be based on the observed association with morbidity and mortality rates. The relationship between morbidity and mortalityrates and variations in body composition is also of importance here and has not been adequately studied. Two important properties emerge from a study of the weight distributions. For the population under study it is found that there is greater variability of relative weight at both extremes of the height range than in the middle range of heights. Whether this indicates an increased proportion of 'obese' children at the extremes of the height range or whether, for example, lean body mass is more likely to be increased in these children cannot be decided from the present data. However, in a study of body composition from potassium-40 measurements, Forbes (1964) divided his overweight children into two groups, those in whom there was an increase in lean body mass of more than 10% above the calculated ideal, and those in whom lean body mass was not increased to this level. In the former group bone age was found to be advanced; the overweight had often been present since infancy and the children were often tall for their age. On average 29 % of the excess weight was accounted for by increase in lean body mass and 71 % by fat. In the second group more than 90% of the excess weight was attributable to fat, the obesity had usually developed after infancy, bone age was not advanced, and the children were of normal height for their age. Thus, it may be that there are differences in the composition of the excess weight of children of different heights and the same age.
The second important fact to be observed from the weight distributions is the divergence of the median weights of the present sample from Scott's sample at both extremes of the height range. The increase in average height with age means that, for example, the short children in Scott's sample will be predominantly young children of average height for age, whereas in the present sample they are children who are short for their age. Thus, when compared with a typical (younger) child of the same height, the short child will be relatively heavier and the tall child, when compared with a typical (older) child of the same height, will be, to a lesser extent, lighter.
The present results indicate that caution is necessary when using any weight for height index for child populations. It has been shown that the assumptions made for adult populations are not applicable to children. In order to make a meaningful choice between different classifications a greater knowledge is needed of the association between health status and the different measures of weight for height as well as a better understanding of the relationship between the different measures and body composition.
SUMMARY
The weight distribution for a large sample of 7-year-old children was examined and the uses of three methods of deriving weight for height standards were studied.
The three types of standards are not equivalent as measures of overweight, and, in particular, neither a power type index nor a relative weight index may be used in place of centile standards of weight for height. In calculating standards of weight for height in children, age should be taken into account. 
